Downhole logging also provides a means, through the generation of synthetic seismograms, of precisely relating the paleoceanographic events found in the core record to the high-resolution seismic record. Once correlated to the seismic record, the spatial and temporal extent of paleoceanographic events can be traced well beyond the borehole. Most seismic events in the equatorial Pacific are related to rapid changes in carbonate content that, in turn, are related to both productivity events (often expressed as monospecific laminated diatom oozes) and times of enhanced dissolution. While many of these events may have oceanwide extent, others, like the absence of carbonate in the late-Miocene to Recent in the Guatemala Basin have been shown to be regional and confined to only the deeper portions of the Guatemala Basin. As we identify and trace specific paleoceanographic events in the seismic record, we can begin to explore the response of the ocean through gradients of latitude, productivity, and depth.
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Downhole logging also provides a means, through the generation of synthetic seismograms, of precisely relating the paleoceanographic events found in the core record to the high-resolution seismic record. Once correlated to the seismic record, the spatial and temporal extent of paleoceanographic events can be traced well beyond the borehole. Most seismic events in the equatorial Pacific are related to rapid changes in carbonate content that, in turn, are related to both productivity events (often expressed as monospecific laminated diatom oozes) and times of enhanced dissolution. While many of these events may have oceanwide extent, others, like the absence of INTRODUCTION High-resolution (i.e., time scales of a thousand years or less) paleoceanographic studies have provided important insight into the oceans' response to Milankovitch-type variations in solar insolation or other climatic responses of even higher frequency. Limitations of coting technology have, for the most part, restricted these extremely high resolution studies to the Pleistocene as it has been virtually impossible to obtain the detailed stratigraphic resolution necessary to carry out high-resolution studies on long, pre-Pleistocene ocean drilling cores. Recent improvements in the technology used to recover marine sedimentary sections with ocean drilling, however, as well as newly developed methods for the derailed measurement of the physical properties and chemical composition of sedimentary materials are rapidly removing these limitations. Here we will describe how downhole logging plays a critical role in providing additional stratigraphic control for paleoceanographic studies and establishing a link between discrete physical property measurements made on cores and underway seismic reflection profiles. In providing this link, downhole logging thus becomes a key element in using the seismic record to establish the areal extent of major paleoceanographic events.
CORING ON OCEAN DRILLING PROGRAM (ODP) LEG 138
One of the major constraints on recovering long, continuous high-resolution stratigraphic records from ocean drilling cores has been the well-known occurrence of gaps in the sediment record as well as the occasional occurrence of double-cored intervals [Heath et al., 1985; Ruddiman et al., 1987] . With a knowledge of the problems associated with core breaks and a desire to obtain the most complete sections possible, the leg 138 scientific party adopted a strategy to find core discontinuities while the drill site was still occupied and while there was an opportunity to recover previously "missed" sections. Specialized software was developed to monitor the output of laboratory core scanning systems that make centimeter-scale measurements of several physical properties (saturated bulk density, magnetic susceptibility, and digital color reflectance spectroscopy) on sediment cores immediately after their retrieval from the seafloor. This information was used to guide the drillers and ensure that the core breaks were offset in the second and third holes drilled at a site. In this fashion a complete sedimentary section was spliced together at most drill sites. A comparison of saturated bulk density records (determined with the gamma ray attenuation porosity evaluator (GRAPE)) from two offset holes at site 849 shows that nearly continuous Figure 5b ) and multiplied by the sonic velocity to generate an acoustic impedance profile (Figure 5c ). Reflectivity is then calculated from the acoustic impedance and convolved with a digitized version of the outgoing seismic pulse measured with a calibrated far-field hydrophone during collection of the site survey data. The resulting synthetic seismogram can then be compared to the original seismic data in order to understand how the complex geologic structure of the borehole is expressed in the seismic record ( Figure 6 ). Using this simple approach, the major seismic horizons can now be associated with discrete geological events or groups of events (Table 1) .
RESULTS
In the example presented (site 844 in the Guatemala Basin; Figure 6 ) it is clear that the major seismic events are associated with large contrasts in saturated bulk density that, in turn, are the result of major changes in carbonate content (Figure 7) . The upper 50 m of the section is seismically transparent (Figure 6 ). This interval corresponds with a long (about 9.5 M.y.) period of relatively slow sedimentation during which the site was below the calcite compensation depth and thus did not accumulate carbonate. 
